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(54) COMPONENT GRADIENT COMPOSITE OF ORGANIC POLYMER AND METAL OXIDE AND ITS 
PRODUCTION 

(57)Abstract: 

PURPOSE: To obtain the subject component gradient composite favorable in terms of effectively manifesting 
such characteristics as to be seen in the case of high content of the metal oxide as a component, less apt to 
develop cracks, and having such good moldability as not to cause only the surface layer thereof when heated or 
after change in its properties with the lapse of time. 

CONSTITUTION: This composite essentially comprises an organic polymer component and a metal oxide 
component K having such component gradient structure that the content of the metal oxide component A in the 
composite lies continuously changed from the surface of the composite toward the depth, being 5-100wt.% and 0- 
50wt.% in the regions presenting higher content levels including the maximum and lower levels including the 
minimum, respectively, and the content ratio in these regions stands at ^1.5. This composite is obtained by the 
following process: a homogeneous solution containing the organic polymer and a metal alkoxide is applied on an 
organic polymer or inorganic base material and held in an aerial atmosphere containing water and/or a 
polymerization catalyst for the metal alkoxide followed by drying and then heat treatment. 
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CLAIMS 

[Claim(s)] 

[Claim 1] It is the complex of the organic macromolecule and metallic oxide containing an organic macromolecule 
component and at least two sorts of components of a metallic-oxide component (A). It has the component 
inclination structure where the content in the inside of the complex of a metallic-oxide component (A) changes in 
the depth direction from the front face of complex continuously. And component inclination complex of the organic 
macromolecule and metallic oxide which are characterized by being 0 - 50 % of the weight, and the ratio of the 
content of a high place and a low place being 1.5 or more in 5 - 100 % of the weight, and the lowest location in the 
location where the content concerned is the highest. 

[Claim 2] Component inclination complex of the organic macromolecule and metallic oxide according to claim 1 with 
which a metallic-oxide component (A) is characterized by being obtained under existence of an organic 
macromolecule component according to a metal alkoxide, or its hydrolysis and polycondensation of a low 
condensate. 

[Claim 3] Claim 1 to which a metallic-oxide component (A) is characterized by existing exceeding the average 
content in the whole complex in at least one front face of complex, and component inclination complex of the 
organic macromolecule of two publications, and a metallic oxide. 

[Claim 4] Claim 1 to which a metallic-oxide component (A) is characterized by existing by the ratio below the 
average content in the whole complex in at least one front face of complex, and component inclination complex of 
the organic macromolecule of two publications, and a metallic oxide. 

[Claim 5] Component inclination complex of the organic macromolecule and metallic oxide according to claim 1 to 4 
which are characterized by the thickness (d1) from which the content of a metallic-oxide component (A) is 
changing continuously being larger than the thickness (d2) which shows the highest content of a metallic-oxide 
component (A) in the depth direction of complex. 

[Claim 6] Component inclination complex of the organic macromolecule of any one publication of claim 1 -5 and 
metallic oxide with which magnitude of the metallic oxide in complex is characterized by being the pitch diameter of 
0.01-5 micrometers. 

[Claim 7] Component inclination complex of the organic macromolecule and metallic oxide according to claim 6 with 
which magnitude of the metallic oxide in complex is characterized by being the pitch diameter of 0.01-0.5 
micrometers. 

[Claim 8] Component inclination complex of the organic macromolecule of any one publication of patent claim 2-7 
and metallic oxide which are characterized by a metal alkoxide or its condensate being what is expressed with a 
general formula 1. 
[Formula 1] 
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(Among a formula, in M, CmH2m+1 and m express the integer of 1-4. and, as for n. a silicon atom and R express 
the integer of 1-10.) 

[Claim 9] Component inclination complex of the organic macromolecule of any one publication of claim 1-8 and 
metallic oxide which are characterized by an organic macromolecule component being thermosetting resin. 
[Claim 10] Component inclination complex of the organic macromolecule of any one publication of patent claim 1-8 
and metallic oxide which are characterized by an organic macromolecule component being thermoplastics. 
[Claim 11] The manufacture approach of the component inclination complex of the organic macromolecule and 
metallic oxide which are characterized by performing desiccation and heat treatment after holding what applied the 
homogeneity solution which consists of an organic macromolecule, metal alkoxides, and those common solvents on 
the organic macromolecule or the inorganic base material under the ambient atmosphere which included the 
polymerization catalyst of water and/or a metal alkoxide in air. 



A,- 

[Claim 12] The manufacturing method of the component component inclination complex of the organic 
macromolecule and metallic oxide according to claim 11 which are characterized by including an organic solvent in 
the air ambient atmosphere in which the polymerization catalyst of water and/or a metal alkoxide was included 
further. 

[Claim 13] The manufacturing method of the component component inclination complex of the organic 
macromolecule and metallic oxide according to claim 12 which are characterized by being that in which the organic 
solvent contained in an ambient atmosphere differs from the organic solvent used for preparation of a homogeneity 
solution. 

[Claim 14] The manufacturing method of the component component inclination complex of the organic 
macromolecule of any one publication of claim 11-13 and metallic oxide which are characterized by including the 
polymerization catalyst of a metal alkoxide further in the homogeneity solution which consists of an organic 
macromolecule. metal alkoxides. and those common solvents. 

[Claim 15] The manufacture approach of the component inclination complex of the organic macromolecule of any 
one publication of claim 11-14 and metallic oxide with which the polymerization catalyst of the metal alkoxide 
contained in an air ambient atmosphere or a homogeneity solution is characterized by being congener or an alkali of 
a different kind. 

[Claim 16] The manufacturing method of the component component inclination complex of the organic 
macromolecule of any one publication of claim 11-15 and metallic oxide which are characterized by being the 
silicon alkoxide a metal alkoxide is indicated to be by the general formula 1. or its low condensate. 
[Formula 2] 
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(Among a formula, in M, CmH2m+1 and m express the integer of 1-4, and, as for n, a silicon atom and R express 
the integer of 1-10.) 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the component inclination complex and its manufacturing method 
of the organic macromolecule and metallic oxide which are characterized by having the field where the content of a 
metallic oxide differs in inclination in the thickness direction of complex in the complex of the metallic oxide and 
the organic macromolecule which are obtained by hydrolysis and the polycondensation reaction of a metal alkoxide. 

[0002] 

[Description of the Prior Art] In order to reform the engine performance of an organic macromolecule, the resin 
which the approach of former versatility is examined, blends two or more organic macromolecules. and has a new 
property is prepared, or preparing the Plastic solid which compound-izes with reinforcing materials of a different 
kind, and has the target property etc. is performed widely. 

[0003] For example, by blend compound-ization of organic giant molecules, it considers as homogeneous complex 
by approaches, such as melting mixing, and reforming of the organic giant molecule according to the purpose of use 
has been made by devising and blending mixed conditions etc. so that it may have the specific decentralized 
structure which looks for the organic giant molecule in which compatibility is shown, and includes microfacies 
isolation construction for the organic giant molecule which is immiscible nature. 

[0004] On the other hand, physical-properties reforming by making an organic macromolecule mix and distribute 
reinforcement is also examined broadly. Specifically mixing powdered inorganic materials, such as a fibrous material 
organic [, such as an aramid fiber, pulp, a glass fiber, and a carbon fiber, ] or inorganic, a calcium carbonate, a silica, 
and an alumina, etc. with an organic macromolecule is performed widely. 

[0005] Compound-ization especially by mixing with an inorganic material has been widely considered as an easy 
high performance reforming means from the ability of the thermal resistance which was excellent in the inorganic 
material, or a mechanical property to be employed efficiently. However, in the case of an inorganic material, it is 
common to be compound-ized for the purpose of it not being easy to control a distributed condition micro, and 
obtaining the most homogeneous chiefly possible bulk composite material from the difference in an essential 
property with the organic polymeric materials in points, such as the thermal infusibility. chemical insolubility, high 
specific gravity, and a surface characteristic. 

[0006] That is. in order to raise the reforming effectiveness, it has a smaller configuration, and a wettability good 
thing with a matrix macromolecule is chosen as an inorganic material for reinforcement, and it has become an 
important factor in compound-izing that only the specified quantity distributes them to homogeneity as much as 
possible. However, even in this case, an inorganic material has the problem which homogeneity distribution 
becomes difficult and becomes energy and what is high also in cost, so that it becomes particle-like. 
[0007] Therefore, in order to obtain the composite of the organic material of the high performance which consists 
of an organic material and a particle-like inorganic material and by which it was homogeneous in micro and the 
decentralized structure was controlled, and an inorganic material, it is completely difficult and a new technique 
needs to be developed of the above approaches of only mixing a particle-like inorganic material with an organic 
macromolecule. 

[0008] this invention persons have performed development research of the composite of effective new organic 
material and non-equipments to such a purpose. As the example, there are micro hybrid composites of the metallic 
oxide and the organic giant molecule which are obtained for example, from a metal alkoxide. 
[0009] It is the composite material of the organic material which the wettability of the metallic-oxide particle of 
MIKURONO-DA [from NANOO-DA - ] - is good in an organic macromolecule by performing hydrolysis and the 
polycondensation of a metal alkoxide by in-situ in an organic macromolecule matrix, and this complex is compound 
[ distribution and ]-ized by homogeneity, and has the properties which were very excellent including a mechanical 
property, and non-equipments. 

[0010] However, if the metallic-oxide component rate in this complex is enlarged too much, good composite will no 
longer be obtained according to the difference of the essential property of the organic macromolecule and metallic 
oxide which are compound-ized. That is, in what has high metallic-oxide content, that it is easy to produce a crack, 
become, become weak, a moldability worsens, and deformation of curvature, distortion, etc. is produced. On the 
other hand, by the thing of a minute amount, desired composite nature is no longer obtained for metallic-oxide 
content 
[0011] 



[ProblemCs) to be Solved by the Invention] The technical problenn which this invention tends to solve is obtaining 
the good complex which may discover effectively the property to the high content field of a metallic oxide, and is 
to offer the component inclination complex and its manufacturing method of the organic macromolecule and 
metallic oxide which have a good moldability which a crack cannot more specifically produce easily and exfoliation 
of only a surface side produces neither by heating nor aging. 
[0012] 

[Means for Solving the Problem] In the complex which consists of an organic macromolecule and a metallic oxide, 
this invention person etc. tackles research wholeheartedly so that he may get the complex which has the property 
which was excellent in the wide range presentation field, and he comes to complete this research. 
[0013] Namely, this Invention is the complex of the organic macromolecule and metallic oxide containing an organic 
macromolecule component and at least two sorts of components of a metallic-oxide component (A). The content 
in the inside of the complex of a metallic-oxide component (A) changes in the depth direction from the front face 
of complex continuously. It has component inclination structure and is the component inclination complex of the 
organic macromolecule and metallic oxide which are 0 - 50 % of the weight, and are characterized by the ratio of 
the content of a high place and a low place being 1.5 or more In 5 - 100 % of the weight, and the lowest location in 
the location where the content concerned is the highest, 

[0014] The component Inclination complex of the organic macromolecule of this Invention and a metallic oxide Is 
component inclination complex of the organic macromolecule and metallic oxide with which the metallic-oxide 
component (A) is characterized by being obtained under existence of an organic macromolecule component 
according to a metal alkoxide, or its hydrolysis and polycondensatlon of a low condensate In detail, 
[0015] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is detailed, and It Is characterized by the metallic-oxide component (A) existing in at least one front face of 
complex exceeding the average content in the whole complex. 

[0016] Furthermore, the component Inclination complex of the organic macromolecule of this Invention and a 
metallic oxide Is component inclination complex of the organic macromolecule and metallic oxide with which a 
metallic-oxide component (A) Is characterized by existing by the ratio below the average content In the whole 
complex in at least one fi^ont face of complex. 

[0017] Moreover, the component Inclination complex of the organic macromolecule of this invention and a metallic 
oxide is component Inclination complex of the organic macromolecule and metallic oxide which are characterized by 
the thickness (dl) from which the content of a metallic-oxide component (A) is changing continuously being larger 
than the thickness (d2) which shows the highest content of a metallic-oxide component (A) in the depth direction 
of complex. 

[0018] Furthermore, the component inclination complex of the organic macromolecule of this invention and a 
metallic oxide contains the component Inclination complex of the component Inclination complex of the organic 
macromolecule and metallic oxide with which magnitude of the metallic oxide in complex is characterized by being 
the pitch diameter of 0.01-5 micrometers, and the organic macromolecule and metallic oxide with which magnitude 
of the metallic oxide in complex is characterized by being the pitch diameter of 0.01-0.5 micrometers. 
[0019] Moreover, the component inclination complex of the organic macromolecule of this Invention and a metallic 
oxide Is component Inclination complex of the organic macromolecule and metallic oxide which are characterized by 
being what the metallic-oxide component Is obtained under existence of an organic macromolecule component 
according to a metal alkoxide. or Its hydrolysis and polycondensation of a low condensate, and the metal alkoxide 
or its condensate is especially expressed with a general formula 1 to. 
[0020] (General formula 1) 
[Formula 3] 
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(Among a formula, in M, CmH2m+l and m express the integer of 1-4, and. as for n, a silicon atom and R express 
the integer of 1-10.) 

[0021] Moreover, the component inclination complex of the organic macromolecule of this Invehtloh and a metallic 
oxide Is component Inclination complex of the organic macromolecule and metallic oxide which are characterized by 
an organic macromolecule component being thermosetting resin. 

[0022] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is component Inclination complex of the organic macromolecule and metallic oxide which are characterized by 
an organic macromolecule component being thermoplastics. 

[0023] This invention Includes the manufacture approach of the component inclination complex of the organic 
macromolecule and the metallic oxide which are characterized by performing desiccation and heat treatment, after 
holding what applied the homogeneity solution which consists of an organic macromolecule, metal alkoxides, those 



A 

common solvents, and/or a polymerization catalyst of a metal alkoxide on the organic macromolecule or the 
inorganic base material under the ambient atmosphere which included the polymerization catalyst and/or organic 
solvent of water and/or a metal alkoxide in air. 

[0024] The manufacture approach of the component inclination complex of the organic macromolecule of this 
invention and a metallic oxide is a manufacturing method of the component component inclination complex of the 
organic macromolecule and the metallic oxide which are characterized by being the silicon alkoxide with which the 
metallic-oxide component distributes to homogeneity, and is obtained in an organic macromolecule component 
under existence of an organic macromolecule component according to a metal alkoxide, or its hydrolysis and 
polycondensation of a low condensate, and especially a metal alkoxide is indicated to be by the general formula 1. 
or its low condensate. 
[0025] (General formula 1) 
[Formula 4] 
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(Among a formula, in M. CmH2m+1 and m express the integer of 1-4, and. as for n. a silicon atom and R express 
the integer of 1-10.) 

[0026] Moreover, especially the manufacture approach of the component inclination complex of the organic 
macromolecule of this invention and a metallic oxide includes the manufacture approach of the component 
inclination complex of the organic macromolecule and metallic oxide which are characterized by using congener or 
an alkali of a different kind as a polymerization catalyst of the metal alkoxide contained in an ambient atmosphere 
and/or a homogeneity solution. 

[0027] That is, this invention is forming the component inclination structure where exist by the concentration from 
which the metallic-oxide component to contain differs in the interior of complex in the complex of the organic 
macromolecule per sort [ at least ], the organic macromolecule containing a metallic oxide, and a metallic oxide, 
and metallic-oxide constituent concentration changes in the depth direction from the front face of complex 
continuously, and [0028]. And the metallic-oxide constituent concentration in complex is 0 - 50 % of the weight in 
5 - 100 % of the weight, and the lowest place in the highest place. And it is a thing about the component inclination 
complex of the organic macromolecule and metallic oxide which are characterized by the ratio of the content of a 
high place and a low place being 1.5 or more. It centers on the component inclination complex of the organic 
macromolecule and metallic oxide which consist of a metallic oxide especially obtained under organic 
macromolecule existence by carrying out the polycondensation of a metal alkoxide or its low condensate, and an 
organic macromolecule. 

[0029] In the component inclination complex of the organic macromolecule and a metallic oxide concerned, that 
whose metallic-oxide component is below the average metallic-oxide concentration of complex is included in at 
least one front face of complex in the thing in which the metallic-oxide component exists exceeding the average 
metallic-oxide concentration of complex, or at least one front face. Moreover, the component inclination complex 
of the organic macromolecule and a metallic oxide concerned contains what has the larger thickness which has a 
metallic-oxide concentration inclination than the thickness which has the highest content of a metallic oxide in the 
depth direction. 

[0030] Moreover, the component inclination complex of the organic macromolecule and a metallic oxide concerned 
contains that whose magnitude of the metallic oxide contained in complex is the pitch diameter of 0.01 
micrometers - 5 micrometers. Moreover, the gestalt is a paint film, yarn, a film, and a spherical thing, and also the 
component inclination complex of the organic macromolecule and a metallic oxide concerned contains what is the 
Plastic solid of various configurations, such as a block. 

[0031] In this invention, while a metallic oxide maintains homogeneity into an organic macromolecule except the 
depth direction, it is based on having the field which is changing in the depth direction continuously. Therefore, it 
differs in what has the field where metallic-oxide concentration differs nonsequetially by only irregular 
condensation and phase separation, the thing which has the homogeneity paint film which has the fixed metallic- 
oxide content formed of paint on the front face of a base material. 

[0032] As an organic macromolecule which can be used for this invention, according to the polycondensation of the 
metal alkoxide under organic macromolecule existence Although not limited especially, just possible [ building the 
complex of a homogeneous organic macromolecule and a homogeneous metallic oxide ] specifically For example, 
phenol resin, an epoxy resin, acrylic resin, alkyd resin, Thermosetting resin, such as melamine resin and a urea- 
resin, nylon, polyester. It is possible to use thermoplastics, such as acrylic resin, polybutadiene, rubber system 
resin like SBS. etc., and an epoxy resin, acrylic resin, alkyd resin, and melamine resin are especially desirable also in 
thermosetting resin. 

[0033] What is the organic macromolecule which dissolves in the homogeneity solution which consists of its 




condensate, them, a solvent etc. in the viewpoint from the ease on manufacture, or is swollen, or its precursor 
resin is desirable. [ a metal alkoxide, ] 

[0034] As a metal alkoxide in this invention, the silicon alkoxide shown in a general formula 1 and/or its condensate 
are used. Although metal alkoxides, such as Ti. aluminum, and Zr. are also possible, when it uses the alkoxides of Si. 
or Si as a principal component and also the mixture of metal alkoxides is used as other metal alkoxides. the 
reaction rate of hydrolysis and a polycondensation is loose, and it is desirable especially when controlling a 
concentration inclination. 

[0035] The highest part of the content (it may only be hereafter called metallic-oxide content) in the inside of the 
complex of a metallic-oxide component (A) is 5 - 100 % of the weight, and, as for the component inclination 
complex of the organic macromolecule and metallic oxide in this invention, what is 0 - 50 % of the weight in the 
lowest part is desirable. 

[0036] It becomes, and limit that that it is easy to produce generating of a crack etc. the thickness of the whole 
complex must be very thin etc. becomes [ **** / that complex becomes weak ] large, and that to which the 
metallic-oxide content in the lowest part exceeds [ the metallic-oxide content in the highest part ] 50 % of the 
weight insufficiently [ less than 5 % of the weight / the effectiveness of compound-izing ] is not desirable. 
[0037] Moreover, the ratio of the highest place of metallic-oxide content and a low place needs to be two or more 
preferably 1.5 or more. As for the effectiveness as component inclination complex, less than 1.5 are [ the ratio 
concerned ] insufficient. Moreover, when the thickness (d1) from which metallic-oxide concentration is changing in 
the depth direction in inclination is larger than the thickness (d2) of the field which shows the highest metallic- 
oxide content, the effectiveness as inclination composite is more clear. 

[0038] As magnitude of the metallic oxide in this invention, it is 0.01 micrometers - 5 micrometers in diameter. 
When the organic macromolecule which especially the magnitude of a metallic oxide uses by 0.01 micrometers - 0.5 
micrometers is transparent, the complex of this invention has the appearance of transparence - translucence. 
Moreover, when the magnitude of a metallic oxide is 0.5 micrometers - 5 micrometers, it has the appearance of 
translucent - opacity. 

[0039] Anyway, compared with carrying out mixed distribution of the metallic-oxide particle manufectured 
beforehand and the organic macromolecule in the component inclination complex which consists of a metallic oxide 
which is made to carry out the polycondensation of a metal alkoxide or its condensate under organic 
macromolecule existence, and is obtained, and an organic macromolecule. particle-size control of a metallic-oxide 
particle is easy to the diameter of a microscopic granule. 

[0040] the possibility of the homogeneity distribution of even a thing with a diameter of about 1-2 micrometers as 
particles for reinforcement addition, such as the conventional silica, — moreover, it sees in cost and has become 
the limitation. When using a still smaller particle, homogeneous distribution or its control is difficult by condensation 
of a consistency difference with an organic macromolecule. or a particle in many cases. 

[0041] In this invention, the mean particle diameter of a metallic oxide is contained in homogeneity to the thing of 
NANOME-TA —size, and the component inclination complex by which decentralized— structure control was carried 
out can be obtained. In measurement by a ***♦ type electron microscope etc., since it is difficult for the magnitude 
of the metallic oxide in this invention to catch the particle size of 0.01 micrometers or less, it attaches the numeric 
value of 0.01 micrometers, but even if it is smaller than 0.01 micrometers, it does not interfere at all. However, 
component inclination complex with mean particle diameter homogeneous in 5 micrometers or more becomes is 
hard to be obtained. 

[0042] While the component inclination complex finally obtained maintains distribution homogeneous in micro as an 
approach of obtaining the component inclination complex of the organic macromolecule of this invention, and a 
metallic oxide, it is not limited in the depth direction of complex especially by the manufacture approach that what 
is necessary is just what has the field where metallic-oxide concentration changes continuously. 
[0043] However, if an example of the concrete manufacture approach is given, in case hydrolysis and the 
polycondensation of a metal alkoxide, the hardening reaction of resin, and/or the solvent cast are made to perform 
using an organic macromolecule component and a metal alkoxide or its condensate, water, a catalyst, and/or an 
organic solvent as a raw material, actuation which produces hydrolysis and the polycondensation of uneven metal 
alkoxides in the depth direction of the complex finally obtained will be performed, for example. 
[0044] Furthermore, it is possible by giving concentration distribution of a specific raw material component (for 
example, a metal alkoxide. a basic catalyst, and water) in the depth direction among the above-mentioned raw 
materials, or specifically performing the external stimulus (for example, heating) from an one direction to make 
inclination metallic-oxide concentration distribution discover. 

[0045] For example, after holding what applied the homogeneity solution which consists of an organic 
macromolecule. a metal alkoxide or its condensate, those common solvents, and/or a polymerization catalyst of a 
metal alkoxide on the base material under the ambient atmosphere which makes it come in air to contain the 
polymerization catalyst and/or organic solvent of water and/or a metal alkoxide, the inclination of the metallic- 
oxide concentration in the inside of a paint film can be made to discover by performing desiccation and heat 
treatment. 

[0046] In this invention, although the acid or alkali the same as a polymerization catalyst of a metal alkoxide or of a 
different kind contained in an ambient atmosphere or a homogeneity solution is used, it is desirable in the 
atomization and component inclination control of a metallic oxide in inclination complex especially to use an alkali 
like various amine compounds or ammonia. 

[0047] Moreover, what mixes with homogeneity with the solution which consists of an organic macromolecule etc. 




as an organic solvent contained in an ambient atmosphere In this invention is desirable, and, as for the organic 
solvent already contained in the solution, it is desirable that it is especially the thing of a different class. 
[0048] The component inclination complex of the organic macromolecule of this invention and a metallic oxide can 
be used for various Plastic solids and shaping raw materials, such as a paint film. yarn, a film, and a particle. 
Moreover, it is also possible to prepare by the system containing organic fiber, such as an inorganic fiber and/or 
celluloses, such as other metals and glass, and aramid, and/or those powder. 

[0049] What has 5 - 100 % of the weight and high metallic-oxide concentration in at least one surface section, for 
example although the average concentration of the metallic oxide of the whole complex is very low. and has the 
structure of the distributed condition which the concentration is dwindling in inclination, applying to the interior 
from the surface section in the component inclination complex of the organic macromolecule of this invention and 
a metallic oxide is possible. 

[0050] Therefore, although it has the property by only the surface section having more high metallic-oxide 
concentration in this case, for example, a high degree of hardness and the outstanding solvent resistance, and 
thermal resistance Since it is limited to fixed thickness from a front face (for example, since it is in component 
inclination, the degradation factor by a crack etc. not being seen and applying [ the ] it to the interior), it can 
discover the composite property stabilized as exfoliation of only a surface side arose neither by heating nor aging. 
On the contrary, what has internal metallic-oxide concentration higher than the surface section, and the thing 
which shows multilayer concentration distribution more intricately are also possible. 
[0051] 

[Example] Subsequently, an example explains this invention further. In addition, % in an example is weight criteria as 
long as there is no notice especially. 

[0052] (Example 1) 30g (Dainippon Ink & Chemicals [, Inc. ] make: AKURIDIKKU A-405) (57% of pitches; a xylene, 
butanol solution) of acrylic resin, 6.5g (Dainippon Ink & Chemicals [, Inc. ] make: super BEKKAMIN G-821) (60% of 
pitches; isobutyl solution) of melamine resin, 2.5g (Dainippon Ink & Chemicals [, Inc. ] make: Epiclon 1050) of epoxy 
resins, a tetramethoxy silane (hereafter referred to as TMOS.) : The Tokyo Chemicals industrial company make 
They are 10g of reagent chemicals, and the homogeneity solution which consists of dehydration tetrahydrofuran 
(THF; reagent chemicals by Kanto chemistry incorporated company) 20g [0053] After being dropped on the base 
material (Nylon 66 plate) and leaving it for about 5 hours under the saturated steam ambient atmosphere of 0.09 
mols [/I. ] ammonia concentration, it was further left for about one day to 28 degrees C and 50%. The paint film 
(about 40-micron thickness) which performs at 80 degrees C for 2 hours, performs heat treatment at 150 more 
degrees C for 1 hour, and consists of acrylic resin / a silica system was obtained. 

[0054] The result of having scanned distribution of Si of the cross section of a paint film from the fi^ont face is 
shown in drawing 1 using an electron probe microanalyzer (EPMA). It is admitted that distribution of Si strong 
against a front-face side is seen, and it crosses in the depth direction which is about 40 microns, and Si 
concentration is changing continuously from the result of drawing 1 . 

[0055] Moreover, in the depth direction and the direction of a right angle, the fact that the same distribution was 
shown even if it measures Si concentration distribution of this depth direction in the location of several places 
where the same paint films differ showed holding homogeneous Si concentration. From the above result, the 
obtained paint film had the silica content layer of high concentration in the surface section from the average 
metallic-oxide concentration of the whole paint film, and it was homogeneously checked in the depth direction in 
the depth direction and the direction of a right angle that it is the complex (paint film) which has a continuous 
concentration change. It is here and is [0056]. Thickness of a concentration inclination field = it was about 23 
micrometers, and the concentration inclination field thickness / [ whole ] thickness =0.54 concentration inclination 
field thickness / maximum concentration field thickness = abbreviation 9 maximum metallic-oxide concentration / 
minimum metallic-oxide concentration =28 % of the weight / 3.5 % of the weight =7.3. 

[0057] This component inclination complex was presenting thin nebula, and when the paint film cross section was 
observed using the scanning electron microscope (SEM), the silica particle of magnitude with a diameter of 0.2-0.4 
micrometers was observed. Although the condition of distribution of a silica particle was homogeneous, it was 
highly distributed near the paint film front face, and it was falling as it went to the interior of a paint film. 
[0058] In addition. EPMA performed output [ of 15kV ]-50nA, resolution of 1-1.5 microns, 10-micron scan speed 
for /, and detection by K alpha rays (7.1 26A) of Si using EPM-810 mold by Shimadzu Corp. Moreover. SEM 
observed by the sample which carried out sputtering of about 3nm platinum using ohm SUTORONGU SEM of S- 
800 mold by Hitachi, Ltd. 

[0059] (Example 2) In the manufacture conditions of an example 1. the case where it carried out under 25 degrees 
C and 50% of ambient atmosphere was examined instead of using methanol 20g instead of THF20g. and performing 
the cast of a homogeneity solution in the saturated steam of aqueous ammonia further. The paint film excellent in 
transparency was obtained. The result of EPMA measurement is shown in drawing 2 . It turns out that the base 
side serves as component inclination complex which has high metallic-oxide concentration. 
[0060] Thickness =40micrometer. the concentration inclination field thickness / [ whole ] thickness =0.7 
concentration inclination field thickness / maximum concentration field thickness =10 maximum metallic-oxide 
concentration / minimum metallic-oxide concentration =1 1.5 % of the weight / 4.5% of the weight of a 
concentration inclination field = it was 2.5. 

[0061] Component inclination complex was transparent and it was observed in SEM observation that the particle 

with a diameter of about 0.04-0.1 micrometers is distributing to homogeneity in the micro range. 

[0062] (Example 1 of a comparison) The same technique as an example 1 examined by creating a sample using the 




homogeneity solution which adds 5g distilled water in the homogeneity solution of an example 1, and is obtained. 
The result of EPMA measurement is shown in drawing 3 . An inclination is not looked at by silica concentration and 
it turns out that it is distributed over homogeneity. 

[0063] Thickness of a concentration inclination field = 0 micrometer, and the maximum metallic-oxide 
concentration / minimum metallic-oxide concentration =12 % of the weight 7 11% of the weight =1.1 complex were 
transparent, and it was checked in SEM observation that the particle with a diameter of 0.06-0.15 micrometers is 
distributing to homogeneity. 

[0064] (Example 2 of a comparison) The case where ammonia concentration of the aqueous ammonia in an example 
1 was carried out in 0.5 mols/l. was examined by preparing a sample by the same approach as an example 1. The 
result of EPMA measurement is shown in drawing 4 . An inclination is not looked at by silica concentration and it 
turns out that it is distributed over homogeneity. 

[0065] Thickness =Omicrometer, the maximum metallic-oxide concentration / minimum metallic-oxide 
concentration =13.5 % of the weight / 12.5% of the weight of a concentration inclination field = complex was the 
transparent body in 1.1. 

[0066] (Example 3) After dropping the same homogeneity solution as an example 1 on the Nylon 66 plate and 
leaving it at 22 degrees C for about 10 hours under the saturated steam ambient atmosphere of 10:3 (weight ratio) 
mixed solution of 0.06 mols [/I. ] aqueous ammonia and a methanol, the paint film (about 75-micron thickness) 
which performs the same processing as an example 1, and consists of acrylic resin / a silica system was obtained. 
The result of EPMA measurement is shown in drawing 5 . It turns out that the inclination complex which has very 
high silica concentration in a paint film front-face side is obtained. 

[0067] Concentration inclination field thickness = 40 micrometers, and the concentration inclination field 
thickness / [ whole ] thickness =0.53 concentration inclination field thickness / maximum concentration field 
thickness =13.3 maximum metallic-oxide concentration / minimum metallic-oxide concentration =30 % of the 
weight / 3 % of the weight =10 inclination complex are presenting nebula, and it was observed in SEM observation 
that the particle with a diameter of about 0.3-2 micrometers is distributing to homogeneity in the micro range. 
[0068] (Example 4) The paint film (about 120 -micron thickness) which heat-treats with the solvent cast on the 
same conditions as an example 3, and consists of acrylic resin / a silica system was obtained using the 
homogeneity solution which adds 0.06 moreg triethylamine (Tokyo formation industrial incorporated company make, 
reagent chemicals), and is obtained by the same homogeneity solution as an example 1. The result of EPMA 
measurement is shown in drawing 6 . It turns out that the paint film front-face side serves as inclination complex 
which has high silica concentration, 

[0069] Concentration inclination field thickness =70micrometer, the concentration inclination field thickness / 
[ whole ] thickness =0.58 concentration inclination field thickness / maximum concentration field thickness =1 7.5 
maximum metallic-oxide concentration / minimum metallic-oxide concentration =40 % of the weight / 7.5 % of the 
weight = 5.3 [0070] Compared with the complex of an example 3. the concentration inclination of a metallic oxide is 
gently-sloping. Inclination complex is presenting thin nebula and it was observed in SEM observation that the 
particle with a diameter of about 60-200nm is distributing to homogeneity in the micro range. Compared with the 
complex of an example 3. the particulate material with a small particle size was obtained. 

[0071] (Example 5) After carrying out mixed stirring of lOg (Dai nippon Ink & Chemicals [, Inc. ] makei Epiclon 850) 
of bisphenol mold epoxy resins, 2g (Dainippon Ink & Chemicals [, Inc. ] make: Epiclon B-053) of aliphatic series 
polyamine system epoxy curing agents, and the mixed solution of THF 5g at a room temperature for 26 hours, 5g 
TMOS was mixed to homogeneity. The obtained homogeneity sol solution was applied to the substrate, the solvent 
cast was carried out at the room temperature (18 degrees C, 40%), it performed at 80 degrees C for 5 hours, heat 
treatment was performed at 150 degrees C for 3 hours, and the complex of an epoxy resin and a silica was 
obtained. The result of EPMA measurement is shown in drawing 7 . It turns out that the interior of about 50 
micrometers on the front face of a paint film serves as inclination complex of a gestalt with which silica 
concentration serves as max. 

[0072] Concentration inclination field thickness =1 70micrometer, concentration inclination field thickness / 
[ whole ] thickness =0.7, concentration inclination field thickness / maximum concentration field thickness =8.5, the 
maximum metallic-oxide concentration / minimum metallic-oxide concentration =26.5 % of the weight / 10.0 % of 
the weight = it was 2.65. Inclination complex is homogeneity transparence and it was observed in SEM observation 
that the particle with a diameter of about 30-200nm is distributing to homogeneity in the micro range. 
[0073] (Example 6) 15g (Dainippon Ink & Chemicals [, Inc. ] make: BEKKOZORU 1343) of alkyd resin, 5g (Dainippon 
Ink & Chemicals [, Inc. ] make: super BEKKAMIN G-821-60) of butylated melamine resin, ethanol The mixed 
solution of lOg and TMOS 5g was stirred, and the homogeneity sol solution was obtained. After applying the 
obtained homogeneity sol solution to the substrate and carrying out the solvent cast under the ambient 
atmosphere of 0.4 mols [/I. ] aqueous ammonia (30 degrees C). it performed at 80 degrees C for 5 hours, heat 
treatment was performed at 150 degrees C for 1 hour, and the complex of alkyd resin and a silica was obtained. 
The result of EPMA measurement is shown in drawing 8 . It turns out that the paint film surface section serves as 
inclination complex of a gestalt with which silica concentration serves as max. The inclination is formed over the 
whole thickness (about 120 micrometers), and was formed into milk nebula. 

[0074] Concentration inclination field thickness =1 20micrometer, concentration inclination field thickness / 
[ whole ] thickness =1, more than [ more than concentration inclination field thickness / maximum concentration 
field thickness =120 ], the maximum metallic-oxide concentration / minimum metallic-oxide concentration =62 % of 
the weight / 14 % of the weight = it was 4.4. 




[0075] 

[Effect of the Invention] The component inclination complex of the organic macromolecule and metallic oxide which 
are obtained by this invention Since it distributes so that homogeneity may be made to distribute the metallic oxide 
of various magnitude extremely in an organic macromolecule (from micrometer order to about lOnm) and the 
content concentration of a metallic oxide may have distribution in the thickness direction of the complex 
concerned. For example, manufacture of the complex which has the part which has metallic-oxide concentration 
higher (low) than the average concentration of the metallic oxide in the whole complex in the surface section or the 
interior is possible. When it has the physical properties containing quantity (or low) metallic-oxide concentration 
peculiar to organic macromolecule complex and metallic-oxide concentration is changing in inclination, stable 
composite which exfoliation of a surface side and the interior produces neither by heating nor aging like a general 
paint film can be offered. 
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TECHNICAL HELD 



[Field of the Invention] This invention relates to the component inclination complex and its manufacturing method 
of the organic macromolecule and metallic oxide which are characterized by having the field where the content of a 
metallic oxide differs in inclination in the thickness direction of complex in the complex of the metallic oxide and 
the organic macromolecule which are obtained by hydrolysis and the polycondensation reaction of a metal alkoxide. 
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PRIOR ART 



[Description of the Prior Art] In order to reform the engine performance of an organic macromolecule, the resin 
which the approach of former versatility is examined, blends two or more organic macromolecules. and has a new 
property is prepared, or preparing the Plastic solid which compound-izes with reinforcing materials of a different 
kind, and has the target property etc. is performed widely. 

[0003] For example, by blend compound-ization of organic giant molecules, it considers as homogeneous complex 
by approaches, such as melting mixing, and reforming of the organic giant molecule according to the purpose of use 
has been made by devising and blending mixed conditions etc. so that it may have the specific decentralized 
structure which looks for the organic giant molecule in which compatibility is shown, and includes microfacies 
isolation construction for the organic giant molecule which is immiscible nature. 

[0004] On the other hand, physical-properties reforming by making an organic macromolecule mix and distribute 
reinforcement is also examined broadly. Specifically mixing powdered inorganic materials, such as a fibrous material 
organic [, such as an aramid fiber, pulp, a glass fiber, and a carbon fiber, ] or inorganic, a calcium carbonate, a silica, 
and an alumina, etc. with an organic macromolecule is performed widely. 

[0005] Compound-ization especially by mixing with an inorganic material has been widely considered as an easy 
high performance reforming means from the ability of the thermal resistance which was excellent in the inorganic 
material, or a mechanical property to be employed efficiently. However, in the case of an inorganic material, it is 
common to be compound-ized for the purpose of it not being easy to control a distributed condition micro, and 
obtaining the most homogeneous chiefly possible bulk composite material fi^om the difference in an essential 
property with the organic polymeric materials in points, such as the thermal infusibility, chemical insolubility, high 
specific gravity, and a surface characteristic. 

[0006] That is, in order to raise the reforming effectiveness, it has a smaller configuration, and a wettability good 
thing with a matrix macromolecule is chosen as an inorganic material for reinforcement, and it has become an 
important factor in compound-izing that only the specified quantity distributes them to homogeneity as much as 
possible. However, even in this case, an inorganic material has the problem which homogeneity distribution 
becomes difficult and becomes energy and what is high also in cost, so that it becomes particle-like. 
[0007] Therefore, in order to obtain the composite of the organic material of the high performance which consists 
of an organic material and a particle-like inorganic material and by which it was homogeneous in micro and the 
decentralized structure was controlled, and an inorganic material, it is completely difficult and a new technique 
needs to be developed of the above approaches of only mixing a particle-like inorganic material with an organic 
macromolecule. 

[0008] this invention persons have performed development research of the composite of effective new organic 
material and non-equipments to such a purpose. As the example, there are micro hybrid composites of the metallic 
oxide and the organic giant molecule which are obtained for example, from a metal alkoxide. 
[0009] It is the composite material of the organic material which the wettability of the metallic-oxide particle of 
MIKURONO-DA [ from NANOO-DA - ] - is good in an organic macromolecule by performing hydrolysis and the 
polycondensation of a metal alkoxide by in-situ in an organic macromolecule matrix, and this complex is compound 
[ distribution and ]-ized by homogeneity, and has the properties which were very excellent including a mechanical 
property, and non-equipments. 

[0010] However, if the metallic-oxide component rate in this complex is enlarged too much, good composite will no 
longer be obtained according to the difference of the essential property of the organic macromolecule and metallic 
oxide which are compound-ized. That is, in what has high metallic-oxide content, that it is easy to produce a crack, 
become, become weak, a moldability worsens, and deformation of curvature, distortion, etc. is produced. On the 
other hand, by the thing of a minute amount, desired composite nature is no longer obtained for metallic-oxide 
content. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The component inclination complex of the organic macromolecule and metallic oxide which 
are obtained by this invention Since it distributes so that homogeneity may be made to distribute the metallic oxide 
of various magnitude extremely in an organic macromolecule (from micrometer order to about lOnm) and the 
content concentration of a metallic oxide may have distribution in the thickness direction of the complex 
concerned. For example, manufacture of the complex which has the part which has metallic~oxide concentration 
higher (low) than the average concentration of the metallic oxide in the whole complex in the surface section or the 
interior is possible. When it has the physical properties containing quantity (or low) metallic-oxide concentration 
peculiar to organic macromolecule complex and metallic-oxide concentration is changing in inclination, stable 
composite which exfoliation of a surface side and the interior produces neither by heating nor aging like a general 
paint film can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The technical problem which this invention tends to solve is obtaining 
the good complex which may discover effectively the property to the high content field of a metallic oxide, and is 
to offer the component inclination complex and its manufacturing method of the organic macromolecule and 
metallic oxide which have a good moldability which a crack cannot more specifically produce easily and exfoliation 
of only a surface side produces neither by heating nor aging. 
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MEANS 

[Means for Solving the Problem] In the complex which consists of an organic macromolecule and a metallic oxide, 
this invention person etc. tackles research wholeheartedly so that he may get the complex which has the property 
which was excellent in the wide range presentation field, and he comes to complete this research. 
[0013] Namely, this invention is the complex of the organic macromolecule and metallic oxide containing an organic 
macromolecule component and at least two sorts of components of a metallic-oxide component (A). The content 
in the inside of the complex of a metallic-oxide component (A) changes in the depth direction from the front face 
of complex continuously. It has component inclination structure and is the component inclination complex of the 
organic macromolecule and metallic oxide which are 0 - 50 % of the weight, and are characterized by the ratio of 
the content of a high place and a low place being 1.5 or more in 5 - 100 % of the weight, and the lowest location in 
the location where the content concerned is the highest. 

[0014] The component inclination complex of the organic macromolecule of this invention and a metallic oxide is 
component inclination complex of the organic macromolecule and metallic oxide with which the metallic-oxide 
component (A) is characterized by being obtained under existence of an organic macromolecule component 
according to a metal alkoxide. or its hydrolysis and polycondensation of a low condensate in detail. 
[0015] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is detailed, and it is characterized by the metallic-oxide component (A) existing in at least one front face of 
complex exceeding the average content in the whole complex. 

[0016] Furthermore, the component inclination complex of the organic macromolecule of this invention and a 
metallic oxide is component inclination complex of the organic macromolecule and metallic oxide with which a 
metallic-oxide component (A) is characterized by existing by the ratio below the average content in the whole 
complex in at least one front face of complex. 

[0017] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is component inclination complex of the organic macromolecule and metallic oxide which are characterized by 
the thickness (d1) fi^om which the content of a metallic-oxide component (A) is changing continuously being larger 
than the thickness (d2) which shows the highest content of a metallic-oxide component (A) in the depth direction 
of complex. 

[0018] Furthermore, the component inclination complex of the organic macromolecule of this invention and a 
metallic oxide contains the component inclination complex of the component inclination complex of the organic 
macromolecule and metallic oxide with which magnitude of the metallic oxide in complex is characterized by being 
the pitch diameter of 0.01-5 micrometers, and the organic macromolecule and metallic oxide with which magnitude 
of the metallic oxide in complex is characterized by being the pitch diameter of 0.01-0.5 micrometers. 
[0019] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is component inclination complex of the organic macromolecule and metallic oxide which are characterized by 
being what the metallic-oxide component is obtained under existence of an organic macromolecule component 
according to a metal alkoxide, or its hydrolysis and polycondensation of a low condensate, and the metal alkoxide 
or its condensate is especially expressed with a general formula 1 to. 
[0020] (General formula 1) 
[Formula 3] 
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(Among a formula, in M, CmH2m+1 and m express the integer of 1-4, and, as for n, a silicon atom and R express 
the integer of 1-10.) 

[0021] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is component inclination complex of the organic macromolecule and metallic oxide which are characterized by 
an organic macromolecule component being thermosetting resin. 



4. 

[0022] Moreover, the component inclination complex of the organic macromolecule of this invention and a metallic 
oxide is component inclination complex of the organic macromolecule and metallic oxide which are characterized by 
an organic macromolecule component being thermoplastics. 

[0023] This invention includes the manufacture approach of the component inclination complex of the organic 
macromolecule and the metallic oxide which are characterized by performing desiccation and heat treatment, after 
holding what applied the homogeneity solution which consists of an organic macromolecule, metal alkoxides, those 
common solvents, and/or a polymerization catalyst of a metal alkoxide on the organic macromolecule or the 
inorganic base material under the ambient atmosphere which included the polymerization catalyst and/or organic 
solvent of water and/or a metal alkoxide in air. 

[0024] The manufacture approach of the component inclination complex of the organic macromolecule of this 
invention and a metallic oxide is a manufacturing method of the component component inclination complex of the 
organic macromolecule and the metallic oxide which are characterized by being the silicon alkoxide with which the 
metallic-oxide component distributes to homogeneity, and is obtained in an organic macromolecule component 
under existence of an organic macromolecule component according to a metal alkoxide. or its hydrolysis and 
polycondensation of a low condensate, and especially a metal alkoxide is indicated to be by the general formula 1, 
or its low condensate. 
[0025] (General formula 1) 
[Formula 4] 
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(Among a formula, in M, CmH2m+l and m express the integer of 1-4, and. as for n, a silicon atom and R express 
the integer of 1-10.) 

[0026] Moreover, especially the manufacture approach of the component inclination complex of the organic 
macromolecule of this invention and a metallic oxide includes the manufacture approach of the component 
inclination complex of the organic macromolecule and metallic oxide which are characterized by using congener or 
an alkali of a different kind as a polymerization catalyst of the metal alkoxide contained in an ambient atmosphere 
and/or a homogeneity solution. 

[0027] That is, this invention is forming the component inclination structure where exist by the concentration from 
which the metallic-oxide component to contain differs in the interior of complex in the complex of the organic 
macromolecule per sort [ at least ], the organic macromolecule containing a metallic oxide, and a metallic oxide, 
and metallic-oxide constituent concentration changes in the depth direction fi^om the front face of complex 
continuously, and [0028]. And the metallic-oxide constituent concentration in complex is 0 - 50 % of the weight in 
5 - 100 % of the weight, and the lowest place in the highest place, And it is a thing about the component inclination 
complex of the organic macromolecule and metallic oxide which are characterized by the ratio of the content of a 
high place and a low place being 1.5 or more. It centers on the component inclination complex of the organic 
macromolecule and metallic oxide which consist of a metallic oxide especially obtained under organic 
macromolecule existence by carrying out the polycondensation of a metal alkoxide or its low condensate, and an 
organic macromolecule. 

[0029] In the component inclination complex of the organic macromolecule and a metallic oxide concerned, that 
whose metallic-oxide component is below the average metallic-oxide concentration of complex is included in at 
least one front face of complex in the thing in which the metallic-oxide component exists exceeding the average 
metallic-oxide concentration of complex, or at least one front face. Moreover, the component inclination complex 
of the organic macromolecule and a metallic oxide concerned contains what has the larger thickness which has a 
metallic-oxide concentration inclination than the thickness which has the highest content of a metallic oxide in the 
depth direction. 

[0030] Moreover, the component inclination complex of the organic macromolecule and a metallic oxide concerned 
contains that whose magnitude of the metallic oxide contained in complex is the pitch diameter of 0.01 
micrometers - 5 micrometers. Moreover, the gestalt is a paint film. yam. a film, and a spherical thing, and also the 
component inclination complex of the organic macromolecule and a metallic oxide concerned contains what is the 
Plastic solid of various configurations, such as a block. 

[0031] In this invention, while a metallic oxide maintains homogeneity into an organic macromolecule except the 
depth direction, it is based on having the field which is changing in the depth direction continuously. Therefore, it 
differs in what has the field where metallic-oxide concentration differs nonsequetially by only irregular 
condensation and phase separation, the thing which has the homogeneity paint film which has the fixed metallic- 
oxide content formed of paint on the front face of a base material. 

[0032] As an organic macromolecule which can be used for this invention, according to the polycondensation of the 
metal alkoxide under organic macromolecule existence Although not limited especially, just possible [ building the 




complex of a homogeneous organic macromolecule and a homogeneous metallic oxide ] specifically For example, 
phenol resin, an epoxy resin, acrylic resin, alkyd resin. Thermosetting resin, such as melamine resin and a urea- 
resin, nylon, polyester. It is possible to use thermoplastics, such as acrylic resin, polybutadiene. rubber system 
resin like SBS. etc.. and an epoxy resin, acrylic resin, alkyd resin, and melamine resin are especially desirable also in 
thermosetting resin. 

[0033] What is the organic macromolecule which dissolves in the homogeneity solution which consists of its 
condensate, them, a solvent, etc. in the viewpoint from the ease on manufacture, or is swollen, or its precursor 
resin is desirable. [ a metal alkoxide, ] 

[0034] As a metal alkoxide in this invention, the silicon alkoxide shown in a general formula 1 and/or its condensate 
are used. Although metal alkoxides. such as Ti. aluminum, and Zr. are also possible, when it uses the alkoxides of Si, 
or St as a principal component and also the mixture of metal alkoxides is used as other metal alkoxides. the 
reaction rate of hydrolysis and a polycondensation is loose, and it is desirable especially when controlling a 
concentration inclination. 

[0035] The highest part of the content (it may only be hereafter called metallic-oxide content) in the inside of the 
complex of a metallic-oxide component (A) is 5 - 100 % of the weight, and, as for the component inclination 
complex of the organic macromolecule and metallic oxide in this invention, what is 0 - 50 % of the weight in the 
lowest part is desirable. 

[0036] It becomes, and limit that that it is easy to produce generating of a crack etc. the thickness of the whole 
complex must be very thin etc. becomes [ **** / that complex becomes weak ] large, and that to which the 
metallic-oxide content in the lowest part exceeds [ the metallic-oxide content in the highest part ] 50 % of the 
weight insufficiently [ less than 5 % of the weight / the effectiveness of compound-izing ] is not desirable. 
[0037] Moreover, the ratio of the highest place of metallic-oxide content and a low place needs to be two or more 
preferably 1.5 or more. As for the effectiveness as component inclination complex, less than 1.5 are [ the ratio 
concerned ] insufficient. Moreover, when the thickness (d1) from which metallic-oxide concentration is changing in 
the depth direction in inclination is larger than the thickness (d2) of the field which shows the highest metallic- 
oxide content, the effectiveness as inclination composite is more clear. 

[0038] As magnitude of the metallic oxide in this invention, it is 0.01 micrometers - 5 micrometers in diameter. 
When the organic macromolecule which especially the magnitude of a metallic oxide uses by 0.01 micrometers - 0.5 
micrometers is transparent, the complex of this invention has the appearance of transparence - translucence. 
Moreover, when the magnitude of a metallic oxide is 0.5 micrometers - 5 micrometers, it has the appearance of 

translucent - opacity. 

[0039] Anyway, compared with carrying out mixed distribution of the metallic-oxide particle manufactured 
beforehand and the organic macromolecule in the component inclination complex which consists of a metallic oxide 
which is made to carry out the polycondensation of a metal alkoxide or its condensate under organic 
macromolecule existence, and is obtained, and an organic macromolecule. particle-size control of a metallic-oxide 
particle is easy to the diameter of a microscopic granule. 

[0040] the possibility of the homogeneity distribution of even a thing with a diameter of about 1-2 micrometers as 
particles for reinforcement addition, such as the conventional silica. — moreover, it sees in cost and has become 
the limitation. When using a still smaller particle, homogeneous distribution or its control is difficult by condensation 
of a consistency difference with an organic macromolecule. or a particle in many cases. 

[0041] In this invention, the mean particle diameter of a metallic oxide is contained in homogeneity to the thing of 
NANOME-TA-size, and the component inclination complex by which decentralized-structure control was carried 
out can be obtained. In measurement by a **** type electron microscope etc., since it is difficult for the magnitude 
of the metallic oxide in this invention to catch the particle size of 0.01 micrometers or less, it attaches the numeric 
value of 0.01 micrometers, but even if it is smaller than 0.01 micrometers, it does not interfere at all. However, 
component inclination complex with mean particle diameter homogeneous in 5 micrometers or more becomes is 
hard to be obtained. 

[0042] While the component inclination complex finally obtained maintains distribution homogeneous in micro as an 
approach of obtaining the component inclination complex of the organic macromolecule of this invention, and a 
metallic oxide, it is not limited in the depth direction of complex especially by the manufacture approach that what 
is necessary is just what has the field where metallic-oxide concentration changes continuously. 
[0043] However, if an example of the concrete manufacture approach is given, in case hydrolysis and the 
polycondensation of a metal alkoxide, the hardening reaction of resin, and/or the solvent cast are made to perform 
using an organic macromolecule component and a metal alkoxide or its condensate, water, a catalyst, and/or an 
organic solvent as a raw material, actuation which produces hydrolysis and the polycondensation of uneven metal 
alkoxides in the depth direction of the complex finally obtained will be performed, for example. 
[0044] Furthermore, it is possible by giving concentration distribution of a specific raw material component (for 
example, a metal alkoxide. a basic catalyst and water) in the depth direction among the above-mentioned raw 
materials, or specifically performing the external stimulus (for example, heating) from an one direction to make 
inclination metallic-oxide concentration distribution discover. 

[0045] For example, after holding what applied the homogeneity solution which consists of an organic 
macromolecule. a metal alkoxide or its condensate, those common solvents, and/or a polymerization catalyst of a 
metal alkoxide on the base material under the ambient atmosphere which makes it come in air to contain the 
polymerization catalyst and/or organic solvent of water and/or a metal alkoxide. the inclination of the metallic- 
oxide concentration in the inside of a paint film can be made to discover by performing desiccation and heat 




treatment. 

[0046] In this invention, although the acid or alkali the same as a polymerization catalyst of a metal alkoxide or of a 
different kind contained in an ambient atmosphere or a homogeneity solution is used, it is desirable in the 
atomization and component inclination control of a metallic oxide in inclination complex especially to use an alkali 
like various amine compounds or ammonia. 

[0047] Moreover, what mixes with homogeneity with the solution which consists of an organic macromolecule etc. 
as an organic solvent contained in an ambient atmosphere in this invention is desirable, and. as for the organic 
solvent already contained in the solution, it is desirable that it is especially the thing of a different class. 
[0048] The component inclination complex of the organic macromolecule of this invention and a metallic oxide can 
be used for various Plastic solids and shaping raw materials, such as a paint film. yarn, a film, and a particle. 
Moreover, it is also possible to prepare by the system containing organic fiber, such as an inorganic fiber and/or 
celluloses, such as other metals and glass, and aramid, and/or those powder. 

[0049] What has 5 - 100 % of the weight and high metallic-oxide concentration in at least one surface section, for 
example although the average concentration of the metallic oxide of the whole complex is very low, and has the 
structure of the distributed condition which the concentration is dwindling in inclination, applying to the interior 
from the surface section in the component inclination complex of the organic macromolecule of this invention and 
a metallic oxide is possible. 

[0050] Therefore, although it has the property by only the surface section having more high metallic-oxide 
concentration in this case, for example, a high degree of hardness and the outstanding solvent resistance, and 
thermal resistance Since it is limited to fixed thickness from a front face (for example, since it is in component 
inclination, the degradation factor by a crack etc. not being seen and applying [ the ] it to the interior), it can 
discover the composite property stabilized as exfoliation of only a surface side arose neither by heating nor aging. 
On the contrary, what has internal metallic-oxide concentration higher than the surface section, and the thing 
which shows multilayer concentration distribution more intricately are also possible. 
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EXAMPLE 



[Example] Subsequently, an example explains this invention further. In addition, % in an example is weight criteria as 
long as there is no notice especially. 

[0052] (Example 1) 30g (Dainippon Ink & Chemicals [, Inc. ] make: AKURIDIKKU A-405) (57% of pitches; a xylene, 
butanol solution) of acrylic resin, 6.5g (Dainippon Ink & Chemicals [, Inc. ] make: super BEKKAMIN G-821) (60% of 
pitches; isobutyl solution) of melamine resin. 2.5g (Dainippon Ink & Chemicals [, Inc. ] make: Epiclon 1050) of epoxy 
resins, a tetramethoxy silane (hereafter referred to as TMOS.) : The Tokyo Chemicals industrial company make 
They are lOg of reagent chemicals, and the homogeneity solution which consists of dehydration tetrahydrofuran 
(THF; reagent chemicals by Kanto chemistry incorporated company) 20g [0053] After being dropped on the base 
material (Nylon 66 plate) and leaving it for about 5 hours under the saturated steam ambient atmosphere of 0.09 
mols [/I. ] ammonia concentration, it was further left for about one day to 28 degrees C and 50%. The paint film 
(about 40-micron thickness) which performs at 80 degrees C for 2 hours, performs heat treatment at 1 50 more 
degrees C for 1 hour, and consists of acrylic resin / a silica system was obtained. 

[0054] The result of having scanned distribution of Si of the cross section of a paint film from the front face is 
shown in drawing 1 using an electron probe microanalyzer (EPMA). It is admitted that distribution of Si strong 
against a front-face side is seen, and it crosses in the depth direction which is about 40 microns, and Si 
concentration is changing continuously from the result of drawing 1 . 

[0055] Moreover, in the depth direction and the direction of a right angle, the fact that the same distribution was 
shown even if it measures Si concentration distribution of this depth direction in the location of several places 
where the same paint films differ showed holding homogeneous Si concentration. From the above result, the 
obtained paint film had the silica content layer of high concentration in the surface section from the average 
metallic-oxide concentration of the whole paint film, and it was homogeneously checked in the depth direction in 
the depth direction and the direction of a right angle that it is the complex (paint film) which has a continuous 
concentration change. It is here and is [0056]. Thickness of a concentration inclination field = it was about 23 
micrometers, and the concentration inclination field thickness / [ whole ] thickness =0.54 concentration inclination 
field thickness / maximum concentration field thickness = abbreviation 9 maximum metallic-oxide concentration / 
minimum metallic-oxide concentration =28 % of the weight / 3.5 % of the weight =7.3. 

[0057] This component inclination complex was presenting thin nebula, and when the paint film cross section was 
observed using the scanning electron microscope (SEM), the silica particle of magnitude with a diameter of 0.2-0.4 
micrometers was observed. Although the condition of distribution of a silica particle was homogeneous, it was 
highly distributed near the paint film front face, and it was falling as it went to the interior of a paint film. 
[0058] In addition, EPMA performed output [ of 15kV ]-50nA, resolution of 1-1.5 microns, 10-micron scan speed 
for /, and detection by K alpha rays (7.1 26A) of Si using EPM-810 mold by Shimadzu Corp. Moreover, SEM 
observed by the sample which carried out sputtering of about 3nm platinum using ohm SUTORONGU SEM of S- 
800 mold by Hitachi, Ltd. 

[0059] (Example 2) In the manufacture conditions of an example 1. the case where it carried out under 25 degrees 
C and 50% of ambient atmosphere was examined instead of using methanol 20g instead of THF20g. and performing 
the cast of a homogeneity solution in the saturated steam of aqueous ammonia further. The paint film excellent in 
transparency was obtained. The result of EPMA measurement is shown in drawing 2 . It turns out that the base 
side serves as component inclination complex which has high metallic-oxide concentration. 
[0060] Thickness =40 micro meter, the concentration inclination field thickness / [ whole ] thickness =0.7 
concentration inclination field thickness / maximum concentration field thickness =10 maximum metallic-oxide 
concentration / minimum metallic-oxide concentration =11.5 % of the weight / 4.5% of the weight of a 
concentration inclination field = it was 2.5, 

[0061] Component inclination complex was transparent and it was observed in SEM observation that the particle 
with a diameter of about 0.04-0.1 micrometers is distributing to homogeneity in the micro range. 
[0062] (Example 1 of a comparison) The same technique as an example 1 examined by creating a sample using the 
homogeneity solution which adds 5g distilled water in the homogeneity solution of an example 1, and is obtained. 
The result of EPMA measurement is shown in drawing 3 . An inclination is not looked at by silica concentration and 
it turns out that it is distributed over homogeneity. 

[0063] Thickness of a concentration inclination field = 0 micrometer, and the maximum metallic-oxide 
concentration / minimum metallic-oxide concentration =12 % of the weight / 1 1 % of the weight =1.1 complex were 
transparent, and it was checked in SEM observation that the particle with a diameter of 0.06-0.15 micrometers is 
distributing to homogeneity. 



[0064] (Example 2 of a comparison) The case where ammonia concentration of the aqueous ammonia in an example 
1 was carried out in 0.5 mols/l. was examined by preparing a sample by the same approach as an example 1. The 
result of EPMA measurement is shown in drawing 4 . An inclination is not looked at by silica concentration and it 
turns out that it is distributed over homogeneity. 

[0065] Thickness =Omicrometer, the maximum metallic-oxide concentration / minimum metallic-oxide 
concentration =13,5 % of the weight / 12.5% of the weight of a concentration inclination field = complex was the 
transparent body in 1.1. 

[0066] (Example 3) After dropping the same homogeneity solution as an example 1 on the Nylon 66 plate and 
leaving it at 22 degrees C for about 10 hours under the saturated steam ambient atmosphere of 10:3 (weight ratio) 
mixed solution of 0.06 mols [/I. ] aqueous ammonia and a methanol, the paint film (about 75-micron thickness) 
which performs the same processing as an example 1, and consists of acrylic resin / a silica system was obtained. 
The result of EPMA measurement is shown in drawing 5 . It turns out that the inclination complex which has very 
high silica concentration in a paint film front-face side is obtained. 

[0067] Concentration inclination field thickness = 40 micrometers, and the concentration inclination field 
thickness / [ whole ] thickness =0.53 concentration inclination field thickness / maximum concentration field 
thickness =13.3 maximum metallic-oxide concentration / minimum metallic-oxide concentration =30 % of the 
weight / 3 % of the weight =10 inclination complex are presenting nebula, and it was observed in SEM observation 
that the particle with a diameter of about 0.3-2 micrometers is distributing to homogeneity in the micro range. 
[0068] (Example 4) The paint film (about 120-micron thickness) which heat-treats with the solvent cast on the 
same conditions as an example 3, and consists of acrylic resin / a silica system was obtained using the 
homogeneity solution which adds 0.06 moreg triethylamine (Tokyo formation industrial incorporated company make, 
reagent chemicals), and is obtained by the same homogeneity solution as an example 1. The result of EPMA 
measurement is shown in drawing 6 . It turns out that the paint film front-face side serves as inclination complex 
which has high silica concentration. 

[0069] Concentration inclination field thickness =70micrometer, the concentration inclination field thickness / 
[ whole ] thickness =0.58 concentration inclination field thickness / maximum concentration field thickness =17.5 
maximum metallic-oxide concentration / minimum metallic-oxide concentration =40 % of the weight / 7.5 % of the 
weight = 5.3 [0070] Compared with the complex of an example 3, the concentration inclination of a metallic oxide is 
gently-sloping. Inclination complex is presenting thin nebula and it was observed in SEM observation that the 
particle with a diameter of about 60-200nm is distributing to homogeneity in the micro range. Compared with the 
complex of an example 3, the particulate material with a small particle size was obtained. 

[0071] (Example 5) After carrying out mixed stirring of lOg (Dainippon Ink & Chemicals [, Inc. ] make: Epiclon 850) 
of bisphenol mold epoxy resins. 2g (Dainippon Ink & Chemicals [. Inc. ] make: Epiclon B-053) of aliphatic series 
polyamine system epoxy curing agents, and the mixed solution of THF 5g at a room temperature for 26 hours, 5g 
TMOS was mixed to homogeneity. The obtained homogeneity sol solution was applied to the substrate, the solvent 
cast was carried out at the room temperature (18 degrees C, 40%), it performed at 80 degrees C for 5 hours, heat 
treatment was performed at 150 degrees C for 3 hours, and the complex of an epoxy resin and a silica was 
obtained. The result of EPMA measurement is shown in drawing 7 . It turns out that the interior of about 50 
micrometers on the front face of a paint film serves as inclination complex of a gestalt with which silica 
concentration serves as max. 

[0072] Concentration inclination field thickness =1 70micrometer. concentration inclination field thickness / 
[ whole ] thickness =0.7. concentration inclination field thickness / maximum concentration field thickness =8.5. the 
maximum metallic-oxide concentration / minimum metallic-oxide concentration =26.5 % of the weight / 10.0 % of 
the weight = it was 2.65. Inclination complex is homogeneity transparence and it was observed in SEM observation 
that the particle with a diameter of about 30-200nm is distributing to homogeneity in the micro range. 
[0073] (Example 6) 15g (Dainippon Ink & Chemicals [. Inc. ] make: BEKKOZORU 1343) of alkyd resin, 5g (Dainippon 
Ink & Chemicals [. Inc. ] make: super BEKKAMIN G— 821— 60) of butylated melamine resin, ethanol The mixed 
solution of lOg and TMOS 5g was stirred, and the homogeneity sol solution was obtained. After applying the 
obtained homogeneity sol solution to the substrate and carrying out the solvent cast under the ambient 
atmosphere of 0.4 mols [/I. ] aqueous ammonia (30 degrees C), it performed at 80 degrees C for 5 hours, heat 
treatment was performed at 150 degrees C for 1 hour, and the complex of alkyd resin and a silica was obtained. 
The result of EPMA measurement is shown in drawing 8 . It turns out that the paint film surface section serves as 
inclination complex of a gestalt with which silica concentration serves as max. The inclination is formed over the 
whole thickness (about 120 micrometers), and was formed into milk nebula. 

[0074] Concentration inclination field thickness =120micrometer. concentration inclination field thickness / 
[ whole ] thickness =1, more than [ more than concentration inclination field thickness / maximum concentration 
field thickness =120 ]. the maximum metallic-oxide concentration / minimum metallic-oxide concentration =62 % of 
the weight / 14 % of the weight = it was 4.4. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It Is drawing showing Si distribution measurement result by the electron probe microanalyzer (EPMA) 
of the thickness direction of the component inclination complex (paint film) of the organic macromolecule and 
metallic oxide which were obtained in the example 1. 

[Drawing 2] It is drawing showing Si distribution measurement result by EPMA of the thickness direction of the 
component inclination complex (paint film) of the organic macromolecule and metallic oxide which were obtained in 
the example 2. 

[Drawing 3] It is drawing showing Si distribution measurement result by EPMA of the thickness direction of the 
complex (paint film) of the organic macromolecule and metallic oxide which were obtained in the example 1 of a 
comparison. 

[Drawing 4] It is drawing showing Si distribution measurement result by EPMA of the thickness direction of the 
complex (paint film) of the organic macromolecule and metallic oxide which were obtained in the example 2 of a 
comparison. 

[Drawing 5] It is drawing showing Si distribution measurement result by EPMA of the thickness direction of the 
component inclination complex (paint film) of the organic macromolecule and metallic oxide which were obtained In 
the example 3. 

[Drawing 6] It is drawing showing SI distribution measurement result by EPMA of the thickness direction of the 
component inclination complex (paint film) of the organic macromolecule and metallic oxide which were obtained in 
the example 4. 

[Drawing 7] It is drawing showing Si distribution measurement result by EPMA of the thickness direction of the 
component inclination complex (paint film) of the organic macromolecule and metallic oxide which were obtained in 
the example 5. 

[Drawing 81 It is drawing showing Si distribution measurement result by EPMA of the thickness direction of the 
component inclination complex (paint film) of the organic macromolecule and metallic oxide which were obtained in 
the example 6. 
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[Publication No.] JP.8-283425,A 

[Date of Publication] October 29, Heisei 8 (1996. 10.29) 
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5/54 KCD 

C08L 101/00 LTB 

[Procedure revision] 

[Filing Date] November 5. Heisei 14 (2002. 1 1,5) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] It is the complex of the organic macromolecule and metallic oxide which are characterized by providing 
the following. It has the component inclination structure where the content in the inside of the complex of a 
metallic-oxide component (A) changes in the depth direction from the front face of complex continuously. And 
component inclination complex of the organic macromolecule and metallic oxide which are characterized by being 0 
- 50 % of the weight, and the ratio of the content of a high place and a low place being 1.5 or more in 5 - 100 % of 
the weight, and the lowest location in the location where the content concerned is the highest Organic 
macromolecule component At least two sorts of components of a metallic-oxide component (A) 
[Claim 2] Component inclination complex of the organic macromolecule and metallic oxide according to claim 1 
from which a metallic-oxide component (A) is obtained under existence of an organic macromolecule component 
according to a metal alkoxide. or its hydrolysis and polycondensation of a low condensate. 

[Claim 3] Component inclination complex of the organic macromolecule and metallic oxide according to claim 1 or 2 
with which the metallic-oxide component (A) exists in at least one front face of complex exceeding the average 
content in the whole complex. 

[Claim 4] Component inclination complex of the organic macromolecule and metallic oxide according to claim 1 or 2 
with which the metallic-oxide component (A) exists by the ratio below the average content in the whole complex in 
at least one front face of complex. 

[Claim 5] Component inclination complex of the organic macromolecule of any one publication of claim 1-4 with the 
larger thickness (d1) from which the content of a metallic-oxide component (A) is changing continuously in the 
depth direction of complex than the thickness (d2) which shows the highest content of a metallic-oxide component 
(AX and a metallic oxide. 

[Claim 6] Component inclination complex of the organic macromolecule of any one publication of claim 1-5 and 
metallic oxide whose magnitude of the metallic oxide in complex is the pitch diameter of 0.01-5 micrometers. 
[Claim 7] Component inclination complex of the organic macromolecule of any one publication of claim 2-6 and 



metallic oxide a metal alkoxide or its low condensate of whose is what is expressed with a general formula 1. 
[Formula 1] 

R 



O 

RfO-Mf O-R 



Oj 



n 



R 



(Among a formula, in M, CmH2m+1 and m express the integer of 1-4, and, as for n, a silicon atom and R express 
the integer of 1-10.) 

[Claim 8] The manufacture approach of the component inclination complex of the organic macromolecule and 
metallic oxide which are characterized by performing desiccation and heat treatment after holding what applied the 

homogeneity solution which consists of an organic macromolecule, metal alkoxides, and those common solvents on 
the organic macromolecule or the inorganic base material under the ambient atmosphere which included the 
polymerization catalyst of water and/or a metal alkoxide in air. 

[Claim 9] The manufacturing method of the component inclination complex of the organic macromolecule and 
metallic oxide according to claim 8 which include an organic solvent in the air ambient atmosphere in which the 
polymerization catalyst of water and/or a metal alkoxide was included further. 

[Claim 10] The manufacturing method of the component inclination complex of the organic macromolecule and 
metallic oxide according to claim 9 which are that in which the organic solvent contained in an ambient atmosphere 
differs from the organic solvent used for preparation of a homogeneity solution. 

[Claim 11] The manufacturing method of the component inclination complex of the organic macromolecule of any 
one publication of claim 8-10 which includes the polymerization catalyst of a metal alkoxide further in the 
homogeneity solution which consists of an organic macromolecule, metal alkoxides, and those common solvents, 
and a metallic oxide. 

[Claim 12] The manufacture approach of the component inclination complex of the organic macromolecule of any 

one publication of claim 8-11 and metallic oxide whose polymerization catalyst of the metal alkoxide contained in 

an air ambient atmosphere or a homogeneity solution is congener or an alkali of a different kind. 

[Claim 13] The manufacturing method of the component inclination complex of the organic macromolecule of any 

one publication of claim 8-12 and metallic oxide which are the silicon alkoxide a metal alkoxide is indicated to be by 

the general formula 1. or its low condensate. 

[Formula 2] 

R 



R 



O 



O. 



O-M-O-R 



n 
R 

(Among a formula, in M, CmH2m+1 and m express the integer of 1-4, and, as for n, a silicon atom and R express 

the integer of 1-10.) 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0020 

[Method of Amendment] Modification 

[Proposed Amendment] 



[0020] (General formula 1) 
[Formula 3] 

R 



R 



Oj 



o 



O-M-O-R 



n 



R 



(Among a formula, in M, CmH2m+l and m express the integer of 1-4, and, as for n. a silicon atom and R express 

the integer of 1-10.) 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0021 

[Method of Amendment] Deletion 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0022 

[Method of Amendment] Deletion 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0025 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0025] (General formula 1) 

[Formula 4] 

R 



O" 



R -O-M 



Oj 



O-R 



n 



R 



(Among a formula, in M, GmH2m+1 and m express the integer of 1-4, and, as for n, a silicon atom and R express 
the integer of 1-10.) 
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y-(D^mmitmm'r-f)^mmMi^f'^\zmn^^< . 
n^z^m ' m^^t^nrz^<Dx^^ . mm^iin^p^^ 
<h Lxt^'^^z^nrzWi^^^r^mm^i tmm^^ t(Dm 

[0 0 10] Lfj^Lt^f)^^. mm^i^^co^Hmit^^ 

^m^^]^^^z±^ < Lxi^^K t. m-^it-t^mm^^ 
10 '^t,^mmit^t(o:^n^t^ni&(Dm^z^K^^^r^m^ 
m^m^ntii<ts.':>x < mt>. ^mmit^^mmi)^ 
m^^^<Dx\t^ ^ y ^^^±c^<:/^'Drzr) . m<f^':>rz 
0. ^m^^^m<t^-orzo. ^fzKo. mm<D^m^^ 
ctzr)^^. ^mmitm^mm-^mmohcDx 

[0011] 

t^mm\t. ^mmitm<Dm'^mmmm^x<D^i^^^^ 
^m^zmmi^^^^oy3.B:tfi-um'^i^^%^ztx$> 

B^^fbtc cfc D^mmrzn(Dmmf)^±c^^ouc tf)^M 

^i^m^m^i^iSLZ^^(Dmmm^mm'r^ct\z;^^^ 

[0012] 

^^mmit^f}^^u^m'^i^{z:$5\.^x . fKmrntim^Sim 
m<D®nrz^i^^m'r^m'^^^'^^^<nMm^\zm 

OM^. :^m^^^^'r^^zm'::^rzh(DX$>^o 

[0 0 13] fin*>> :^mm\tmm^^^^^t. ^mm 
30 itm^^ (A) <o(^i^< t%2m(Di^^^^ts^mM^ 
=Fh^mmit^^(Dm'^wx^'DX. m^-t^conmt^i^ 

m'^^\^\z. ^mm\:^^^ (a) (Dm-^w^^xcD^m 

^^(Ditfu^i. b^A±.x^^z.ii^i^^tt^mmm^ 
"f^t^mmitmhco^^m^m^^x^^. 
[0 0 14] :^%moymm^^=f-h^mm\:.mt(o^^ 
m^^m'^m^. mi.<\^. 'tcD^m.mitm^^ (a) 
40 ^m^^T^6^(D^^Tx^m7 )vu^zy\^^rz\^ 

^^m-^^x^^. 

[0 0 15] ^tzif%m<Dmm^'^=f'^±mmit^^(o 
^^m^m.'^mt. mv<\^. ^mm\t^^^ (a) 

^x<Dw-^^^m^mxx^^vx\^^^cii^^mii'f 

[0 0 16] m^zT^^momm^^'^ t^m^it^ t<D 
50 ^^mm^^mt. ^m^^tm^^ (a) Z)^. m^i^<D 



( 4 ) 
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5 

[0 0 17] ^rz:$i^m(D^m^^i't^mmitf^t.(D 
^6fmmm^i^\t. m'^i^om^y^i^^zioi.^x. ^i^m 
it^^^ (A) (D^mmf)mm^\z^i\:hx\^^^m^ 

(di) ^mmitmfSi^ (a) (Dm^M^^^^mm^ 

[0 0 18] Htc. :^^m<Dmmm^'f' ^^mmt^^ t 

<D^mmit^<D:k^'^f)^. ^^mmO . Ol-O. 5;^m 

imyf^^m ' mm^^^z^K^n stitch (Dx^D . ^\z^(d 

^h<Dx$>^cii^^WL^'r^^mM^^t^mmi[:^ 
to^^m^m^i^x^^. 
[ 0 0 2 0 ] i-m^ 1 ) 

lit 3] 

R 

O 

R-O-M-OH-R 
I 

O 

I— I 
R 



n 1 - 1 0 
[ 0 0 2 1 ] 



i^m^i^x^^. 

[ 0 0 2 2 ] ^rz:^mm(D^mM^'¥'t^mmitmt(D 
mm^i^x$>^. 

[ 0 0 2 3 ] :$i^m\t. W^i^5^^^(h^MT;i/:n^ V H 

m^mm^uy:x\tmmmm^^m.^ifZ^^itrz^mn. 



10 



20 



40 



[ 0 0 2 4 

n^z^^mv 

[ 0 0 2 5 
[^b4l 



xh^o 

x%^tirzh(Dx$>o . ^iz 

1 X^^ti^-> U 3 

x^^zt^wmtr^mm 
^^^mmm'^i^ommmx 



50 



R 

- I - 
O 

R-H0-M-04R 
I 

o 

- I - 

R 

(^^. M\t^mm^. RtiC.H,.,,, mtil'-4(0 

m^. 1 ~ 1 0 (DM^^^^3-r<. ) 
[ 0 0 2 6 ] ^fz^mmommM^i^^^mmit^ta) 

X. w\m^rz\'^.mm(Dmm^mm^m\^^^c t^^mt. 
:^m^'^tsh(DX$>^. 

[ 0 0 2 7 ] Hfi^>, :^^BM\t. (}^r<s,< im-r^o^m 

^t(Dm^i^\z:t^}^^x. ^m-^n^^mmit^^^^m 
^i^(Dp^^\z^\,^x^rji^mmxwtEV. h^^o^m 
f}^ibm^:^\^\z. ^mmit^^^mmf}^mm&3\z^it't 
^^^mmmyt^m^Lx^^^z. 
[ 0 0 2 8 ] K^m^i^^<D^mmit(m^^mmf)^mh 
ii5i^B^fT5 - 1 0 oss%> mhm^^m^xo-- s 0 

mit!^t<o^^mmm'&i^^zm'r^^<Dx$>r). wi^zm 
mm^TW^Tx^my Ji^zi^^zy \^^rz\t^<Di&m^^ 
^mm^^Lx^^ti^^mmitm t^m^^'?'f)^^u 

t i.rzh(Dxsb^o 

[ 0 0 2 9 ] ^m^m^^i^t^m,mit<^t(D^^mm 

^mmi\::<^^^f)^m'ti^<D^i^^mmit!^mm^mxx 

x^mmit!^f^^/)m'^i^<Dw-^^mmit!^^muTx 
^^h<D^^tSo ^rz^mmmM^i=-t^mmit!^t<D 
^^mi^M'^i^\t. m^y3i^{z:if^\.^x^mmit^(Dm^ 



( 

7 

CO 0 3 0 ] ^rc^ummm^^^^mmit^iKD^^ 

^f)^^i^mO. 0 1 M m~ 5 u mT^^ ^O^^tTo S 

[ 0 0 3 1 ] ^^BM{z:}6iyx\t. ^mmi\:!^'f)^^mM^ 

t-r^o t^e^T. m\z:!f:mwif3imm^m^m\z^o . ^ 
m^^\z^mm^tmmm<Dmf<i^^mi$.^m'r^h(D'p. 

[ 0 0 3 2] :^^m\zmmx^^mmM^^tvx\t,. 

c^t)^-pjmuh<Dx$>n\:£^< . Wiizm^^nui^^'^^. 
^^j)imm. yji^i^mm. ^^^>mm. mmmmm' 
mm(Dm'^mi^^m. sj^ctj^u y^>;x>^s b s coj: 

[ 0 0 3 3 ] mm±(D^m-^f)^^<Dmj^x\t. ^mr)^ 

[ 0 0 3 4] :*:^l^tC*5lt§^Mr;i/3:^'> H LT 

um-t^±xwiztfi'^v\^^. 
[0 0 3 5 ] ^^miz:tdn ^mm^^^ t^mmtm t 

(Dfj^^mmm^i^it. ^mmit^^^ (a) (om^i^^ 
x<D^:^m (t^T. m^z^mmit^^^mtmoz.t^^ 
) com^^i^^^^f)^ b 1 0 0 mm%x;^o . m. 

"hi&l^m^XlitO 5 0 mS%T^^ t>CD7!>*^(f * bl^o 

CO 0 3 6 ] mh^^^m^x<D^mmit^'^mm'f)^ sm 
i&^^^^x<D±mmit^^mm^^ 5 0 mmx^mpi^h 
<f^-orzo. ^rzm'^i^^^(Dm^y)^4¥i^{zm<r<s.<x 

[ 0 0 3 7 ] ^rz^mmitm'^mm<Dmhm\^'^mtm^ 
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Lxo^m^-fi^^-t^x^^o ^rz^mmit^mmy)^^ 
:^r^ntcH®^6<j{c^{bbTV^ej?^ (di) i)^. mh^i^^^ 
^mmit^-^^m^^-tmrnom^ (d2) cfcD:^^^^ 
m^^zmmm^^u tLx<D9J}3kf)^<k 0 mmx^^o 

( 0 0 3 8 3 :^^m{Zi5\1r^^mmi\:m(D±^:^ tl^X 

\t.m.mo. 0 1 um-^ 5 iimx$>^o ^\z^^mit^ 

<D±^^f)^ 0. Ol/zm— 0. 5 umX. m 

^^f)^mmts.^(DXh^m'^\t. ^^BM(Dm'^i^\tmm 

0. 5 5 jLtmoii^ti, ^mm--^mm<D^m^ 

CO 0 3 9] i^-rntcbTfe. ^Mr;un^'> H ^/tti 
't<Dm^^^mmM^^^^rxmm^^itxn<^ti^ 
^mmitm^mmM^'f'f)^ibf^^^^m^m'^^x\t. 

mm^x^^x$>^o 

[0 0 4 0 ] ^iit^<Di^ijtf^<om^mmmm^thx 
20 \t. mmi 2 umm^<Dh(D^xf)^^m^m<D^m\i. 

^rzZ2Xh&=}\z^X. ^co©^<h;^cj:^TV^^<. ^^{c/jN 

[0 0 4 1 ] :^^B^\z:^i^x\t. ^mmit^^ (DW^^^m 

mmmmm'^nrz^^mmm^i^^^^:iti)^x^^^ 

:^mm\z:id\f^^mmit^(D±^:^\t. ^mmm^mm 
m^\z<k^m^x\to . 0 1 umi^T commit ^Pi^ 

30 (Dtimiy^^C tfi^^ 0 . 0 1 tim<D^m^HlyX\^^^ 
75^ 0. 0 1 MmJ: < T^>75:^e)Mb3^x./c^:^^o 

[ 0 0 4 2] :$i^m<DmmM^^t^mmit!^h<D^^ 
m^m^i$i^m^^^tLx\t. mmm^z^^^ti^^^ 

m^i^(Dm^:^j^izmm^\z^mmi[:^mm.i)^^it'r^ 
mi$L^^'r^^<Dx$>ti\tB:< . ^\zmm:^m\z^^x 
m^^nf^\^^h<Dx^^o 
40 CO 0 4 3] b^ctT^te*, ^(DM.i^^mim:^mo:>-m 

:scv^y^rz\t^mmm^mmtLxm\^^x. ^mr 
/'^rz\tmm^^ y.h^'ift:>'^^^iz. mmmitzm^n 

[ 0 0 4 4] ^{C:^fifcfi<JfCH, ±mfBm(D\^. ^^<DW> 

50 mfjSL^ m^it. ^m7)iz2:¥>^\^^mm^mm'^yf<i) 




( 
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[ 0 0 4 5] mx^-^. ^mM'^^t^^7)[^:3^zy 

[0 0 4 6] 3^^i^{ci5i^T> nm^^^fziti^mmm 

^rz\t^m<Dm^rz\:s.mm^mmf)^m^^^n^^^. ^\z 

[ 0 0 4 7 ] ±rz^^m^z^\^>xnmm.^^z^^ti^m 
mmmtLx\t. mmm^^^f)^ibu^mmti^m\zm 
m'r^%(Df)m^h< . ^fzmm^^z^^z^^tix^^^ 

[0 0 4 8] :^^m<D^mM^'f-t^mmitmt<D^^ 

mi^'^^mmmizm^^^^z t-^^-pjmx^)^. ^tzmo)^ 
m'P:^ ^ xm(DmmmmRzj^y ^rz\t±:)ua - ^ 
5 \^m^mmmRzsy^ft\^^nib(Dmm^^/ufz^\z 

[ 0 0 4 9 ] :$imM(D^m^^^t^mmit^t(D^^ 

mm^^t^'^^zi&^^^zhf)^f)^t>i^'r. 'pt^< iz^i 
mm\zs'^ 1 0 ommxt-m^^^mmitm^m^rnvx 

Kr:>^<Dmimut^^}^mzi)^\-fxm.^m\z^<Dm 
^tmwLi.xy^^^^m^mo^mm^^r^^coii^uimx 

[oo5 0]t^£oT, c(Di^^\-xm.m^(D^\^^mmit 

titzmmm'\&. mm'^^m't^i)^. ^ojit^^DiTti^^co 
—^m^\zm'^-^n^tzib. mx^t^ ^ ^m^z^^i^ 
itmi^f)^M.^ri-r. R-Dp^^iz-^^ifx^^mm^^zu-D 
x\^^^rzi^{z. mmi'pm^^it^z^o^mmrz^fa^mm 
f)^^c^j:ots.z.tf)m.<. ^^LTzm-^^^^^^^m 

^^om^^^o:)^. ^omm\z^mmm^^^^-r^<D 

[ 0 0 5 1 ] 

immm] '^^^x:^^m^mmm^z^'Dxm\zmmr 

So 

[ 0 0 5 2 ] immm d *j)i^mm (:^s*'f 

it^lim^^^^n: r^^Jv"^ A- 4 0 5) 3 
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0 g i^m^5 7 % : ^vi/>, y-)vmm) . ^ 

-^yf:^> G-821)6.5g imt^ ^ 0 % \ 
II^^^^M : xe^D> 1 0 5 0 ) 2.5 g, J-h 
Xlia®[ ^WiU.m 1 0 g, B:c;JK7K5^h^ t Knr' 

5> (THF ; mmt^m^^^mi ^mu.m) 2 o g 

10 [ 0 0 5 3 ] St^ (:h<n> - 6 6^) ±{c«Tb, 
0.09 1 <7)T.>^r:7^^(^iS»7K3l^^§?ffi^ 

Txms^mijkm\^tzm. Mfc. 28*0, 5 0%{c^??ji 

Br«mMb;rco 8 0 2 0#F«1, Mfc 1 5 0 1 B^TbI 

4 0 ^^u>m) ^%rz. 

[ 0 0 5 4 ] n^^v-r ^ Dr:^^-rif- (epma) 

s i o^^^T^^m^n, K-Dm^ 0 a^:7D>©a§$:;^r6jfc 
20 M^T]g3e^6«j{c s immti^mtvx\i^^z.ttimib^n 

So 

[0055] ^/i, :^^;&^S^$;^f^<DSi 
m^^W\^X\^^^Z.^ti^f)f)^-:>rz. J[^±(7)j^^^ 0 > t# 

mm(Dz^^}tf^mm^^mm\znt>. m-^^\P\t.un:^ 
\^\z\t.i^mx. K'::>m-^:^mz\^mmmf^m^mt^^ 
fs^g^^^c mm) x^^z.Lfjmm'^nrz. czx. 
30 [0 0 5 6 1 mmm^mm<Dm^ = m2 3 urn. mmm 
^mf$Lm^y±i¥m^= 0 . 54 

2i^M^^^iP^X^:^i^^M^;p^ = ^9 

/ 3. 5Mg%= 7 . 3T^ofco 
[ 0 0 5 7 ] CCD^^^^M^^i^^ttliUe^&M.bT^S 

0, ^^mm^mmm (sem) ^m\^^xmmmm(Dm 

m^^^f-^tz^ C^. itMO. 2 — 0. 4 um(D:K^^<D 
40 n< ^Z-DtlXi&TVX^^fZo 

[ 0 0 5 8 ] E PMA\tmmmi^mw^^^m<DE 

PU- B 1 Om^m^-^X. ttl;^15kV-50nA. ^ 

1 I . 5 ^ ^ a > . l0^^ayy^(DX^^r> 
mm. \ (DKam^ (7.126:t>^XhD- 

A) TfTofc. ^fz. SEU\t. BiLMi^mW^^^m 
CO S - 8 0 0 AX S P >t/S E MSffl ^3 

fZo 

[ 0 0 5 9 ] (mmm2) nmmi (Dm:m^i^iz:fo\,^ 
50 X. THF 2 0 e<of)^t)0\z^^ y -)U2 0 e^m^-^. 




( 

1 1 

x*noi^t>o\z. 2 sr. b 0 %(D^m^TTn-Drzm 
E PMAm^<D^^^m2 \z^'§ro m^m^z^i^^^m 

CO 0 6 0 ] mmmmmm(Dm^= 4 0 urn. mmmm 

mmm^mi^m^ym:kmmmf^m^= i o 
m^^f^mitmmmy mis:^mmitmmm= i i . ss 

m^z^mvxi^^^o^fjmm-^nrco 
( 0 0 6 2] i^mmi) mmmi<Di^mmmiz5 B<D 

tmmu^^X'^>'y)i^i^^Lm^^n'orzo epm 
Am^<D^M^m3 i,z^'to zy^jtjmm^zmmtK^n 

C 0 0 6 3 ] m^m^mm(Dm^= 0 um. 

/II SM%= 1 . 1 

m-^mtmmx. s EMtiffiijT«it^o. 0 6-0 . 1 5 
tiin(D^m.Tt^i^w\z^WL\.x\^^^(Di)mm'^nti. 
[0 0 6 4] {itmm2) mmm\\z^\i^^T>^-r 
i^(or>^zLrwim^ o. i t\^rzmt^\z'D\,^ 

CO 0 6 5] mmm^mi$L(Dm^^O tim. 

m%/ 1 2. 5fi»%.= 1 . 1 xm'^mt.mm^x^r> 

[ 0 0 6 6] (^ja^S) 1 <i:l^i;i^Mi^f^^:^ 

-r n >- 6 6 ^±tcfe!Tb, 0 . 0 6 1 or >^ 

::ir7Ki:>^ ^ 1 0 : 3 (MMlt) m^mmcDm 

fa7KMm^fflmTT2 2X:i:j^i 0 0#r«1iStg H 

mm 1 iii^iiT^cC^sis^fT^^Ti^ u;n^flg/'>'j;^;5^?5^^ 

[ 0 0 6 7 ] ^S^Mi^m^iP^= 4 0 M m, 

m,m^y±^m^= 0.53 

1 3 . 3 

M:^^M^<b4^ii^/'^{S^M^^h:^iig= 3 0 mm% 
/ 3 sa%= 1 0 

fii^1S^f*:tia^^M LT*5 0 . S E M MiK'iTfiit^li^J 
0.3-2 iivti(Dm.=f'if^^Cf uu^nx^n^z'^^ix^x 

[ 0 0 6 8 ] (IIJS0IJ4) '^mm 1 (hUL^i^M^^^tCM 
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0 . 0 6 g o h u x^;!.^ a > 

V^r^ U;i/^J5g/>^U (j^ 1 2 0 5 iJ? 

n>jP) ^t#}^Co E P MAMiJ^<7)J^:^^|gI 6 tC:^f o m 

CO 0 6 9 ] 7 0 Mm, ^g^i^^^ 

i^m^x±i^m^= 0.58 

10 i^g[^i^^^iP-5^/^^;*c?^SM^iP^= 1 7 . 5 
/ 1 . 5mffi%= 5. 3 

[ 0 0 7 0 ] mmmz(D^'tmz)^-<x. ^mmit^o^ 
mmmm'^^ufd^f}^iizU'ox\^^^. mmm^i^i^m^^m 

^^MbT*50, SEUmmx\^m.mm6 0-- 2 0 0 n 

m(DU^f-^^^^ ar^mmxi^m\z^Wihx\^^^(Df)m 

[ 0 0 7 1 ] i^mms) tfx >'x/-;mx3}^:^sx«t 

50) 1 0 & tmisnm^s^r ^>^jL:r-^zymtM {± 
B:^-r y^it^xm^^^^m : x\i^uy b-05 
3) 2g<tTHF b s(K>m'^mm^mmiX2 

'^m^W-^'^rz'ik. 5 g CDTMO S ^l^MfCTl'&L/c^ t# 

^nrzi^nv)vmm^mmzm^\^. (ist:. 4 
0%) xm^^^T^hi.. sQx:xbmm> 150*01? 

ft^Co E PMAS'l^O^m^IM 7 tC^-To 

5 0 timnm\zy ^) timm.ti^m:kLti.^^m(ommm'^ 

30 ^ <h 75: o T <^ ^ § <^ S • 

[0 0 7 2 ] mmm^mi$,m^= 1 7 0 ^m, m^mm 

?g^fi^iP^= 8.5. m^^mmitmmm./ m^^m 
mitmm^ = 2 6 . 5sa%/ 10.0 as% = 2 . 6 5 

Jitl^J^3 0-2 0 0 nm(Dm^^ti^^ ^ Uf^WimXi^ 

m\z^m\^x\^^^(Di)mm\-^nrz. 

[ 0 0 7 3 ] {^mm^) 7)1^ H«^fli (:*:0*:-r >^ 
it^xm^^^1±m : ^yOiV-)]^ 1 3 4 3) 1 5 g 

: :^-/^-^y tJ ^ > G- 8 2 1 - 6 0 ) 5 g «i: 
X^y-JU 10g<hTMOS 5 g<75^^^f^*^J^ 

tc^^L. 0.4 1 cor>^xT7K(o^fflmT 
(3 ot:) -c^i^^^-vx h^b;t!^, 80'CT5B#rBl, 

1 5 or:ximmmmm^n^^r)v^\^i^mty^JiJt 

(Dm^^i^^ntco E p uAm^<Dmw:^m s {z^-t. m 

f^':>x\^^^<Df}^n^o mm\tmm (^^ i 2 o /zm) ±^ 

50 fCigroTJ^fiK$nT:fcO , ?La^^bLT(.ifc« 
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,[ 0 0 7 4] m^m^mMim^= i 2 o //m. mmm^ 
mit^mm=6 2mM%/i 4fifi% = 4. 4t*o 

Tzo 
[ 0 0 7 5 ] 

^{bt/iKD^^^M^^^S-^^ti. ^m^^f-^lzm^ (D:k 
(Mm;t-:^-75^e>^ 1 0 nm^T) cT^^M^^bl^ 

mmt\z ^ r) ^mm tm^<Dmmt)^ ^ <k V c tY)^ 

[mi] ^M0»J 1 Tf#^ti;tW^Ji5^^<h^M^<btJ<h 
T:^^-r1f- (EPMA) fCJ;SS i ^i^^Sfl^i^^^^ 
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20 
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